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Abstract of JP2001338789 

PROBLEM TO BE SOLVED: To provide a 
discharge lamp lighting device, capable of 
suitably starting a discharge lamp with a 
high-voltage pulse voltage obtained by LC 
resonance and supplying the energy 
necessary for smooth transfer to arc 
discharge to the discharge lamp. 
SOLUTION: This discharge lamp lighting 
device comprises a DC power source 1 A; a 
load resonance circuit 2A comprising an 
inductor LI, a capacitor CI and a discharge 
lamp La; an inversion circuit 3A 
comprising the serial connection of at least 
first and second switching elements 
connected, in parallel with the DC power 
source 1A, which converts the DC power 
from the DC power source 1 A into AC 
power and supplies it to the load resonance 
circuit 2A; and a control circuit 5A for 
alternately causing each switching element 
turn on/off at high frequency, so as to 
alternately generate a first period where the 
on-period of the second switching element 
is longer than that of the first switching 
element and a second period where the on- 
period of the second switching element is 
shorter to apply a rectangular wave-like low 
frequency voltage to the discharge lamp La. 
The control circuit 5 A superposes the DC 
component of the output of the inversion 
circuit 3A to the resonance pulse from the 
load resonance circuit 2A and continuously 
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Changes the switching frequency of each 
^witching element for a prescribed time 
from the start of one of the first and second 
periods. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Even if there are few series connections by which parallel connection is 
carried out to the output terminal of the DC-power-supply circuit for direct-current 
electric power supplies which has the output terminal of a pair, and a 
DC-power-supply circuit, the 1st and 2nd switching elements are included. The 
polarity-reversals circuit which changes the direct current power from a 
DC-power-supply circuit into alternating current power, The load resonance circuit to 
which an inductor, a capacitor, and a electric-discharge lamp make, and the 
alternating current power from a polarity-reversals circuit is supplied, It has the 
control means which controls the electrical potential difference which is made to turn 
on / turn off the 1st and 2nd switching element of a polarity-reversals circuit by turns, 
and is impressed to the electric-discharge lamp of a load resonance circuit. A control 
means While turning on/off operating the 1st and 2nd switching element by the RF by 
turns and impressing a square wave-like low frequency electrical potential difference 
to a electric-discharge lamp so that the 1st period when the "on" period of the 2nd 
switching element becomes longer than the 1st switching element, and the 2nd period 
which becomes short may be made to generate by turns, starting of a 
electric-discharge lamp, The electric-discharge lamp lighting device which DC 
component is superimposed on a resonance pulse from a load resonance circuit in 
lighting mode, and the switching frequency of each switching element is changed 
continuously, and impresses the high voltage to a electric-discharge lamp. 
[Claim 2] A control means is a electric-discharge lamp lighting device according to 
claim 1 which changes the switching frequency of the 1st and 2nd switching element 
to predetermined time amount from one [ at least ] initiation time of the 1st and 2nd 
period. 

[Claim 3] A control means is a electric-discharge lamp lighting device according to 
claim 1 which carries out multiple-times change of the switching frequency of the 1st 
and 2nd switching element at least in one side of the 1st and 2nd period. 
[Claim 4] A control means is a electric-discharge lamp lighting device according to 
claim 1 which changes the switching frequency of the 1st and 2nd switching element 
at least in one side of the 1st and 2nd period to a low frequency or a high frequency. 
[Claim 5] A control means is a electric-discharge lamp lighting device according to 
claim 2 which changes the switching frequency of the 1st and 2nd switching element 
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at least in one side of the 1st and 2nd period to a low frequency or a high frequency. 

[Claim 6] A control means is a electric-discharge lamp lighting device according to 

claim 1 which changes the switching frequency of the 1st and 2nd switching element 

at least in one side of the 1 st and 2nd period to a low frequency. 

[Claim 7] A control means is a electric-discharge lamp lighting device according to 

claim 2 which changes the switching frequency of the 1st and 2nd switching element 

at least in one side of the 1st and 2nd period to a low frequency. 

[Claim 8] The 1st and 2nd switching element is a electric-discharge lamp lighting 

device according to claim 1 which is half bridge connection, including further the 1st 

and 2nd capacitor of a series connection which connected the polarity-reversals 

circuit to the 1st and 2nd switching element and juxtaposition. 

[Claim 9] The 1st thru/or the 4th switching element are a electric-discharge lamp 
lighting device according to claim 1 which is full bridge connection, including further 
the 3rd and 4th switching element of a series connection which connected the 
polarity-reversals circuit to the 1st and 2nd switching element and juxtaposition. 
[Claim 10] The inductor and capacitor of a load resonance circuit are a 
electric-discharge lamp lighting device according to claim 1 which is connected to a 
serial and constitutes a series resonant circuit. 

[Claim 11] A load resonance circuit is a electric-discharge lamp lighting device 
according to claim 1 which becomes in the duplex LC resonance circuit containing two 
inductors and two capacitors. 

[Claim 12] A polarity-reversals circuit contains the 1st and 2nd capacitor of a series 
connection linked to the 1st and 2nd switching element and juxtaposition. The 1st 
inductor and the 3rd capacitor of a series connection which connected the load 
resonance circuit between the node of the 1st and 2nd switching element and the 
node of the 1 st and 2nd capacitor, The 4th capacitor connected to the 1 st inductor 
and the 3rd capacitor at juxtaposition, The electric-discharge lamp lighting device 
according to claim 1 which becomes the 2nd inductor inserted between the node of 
the 1 st and 2nd switching element, the 1st inductor, and the node of the 4th capacitor, 
and the 3rd capacitor in the duplex LC resonance circuit which becomes with the 
electric-discharge lamp linked to juxtaposition. 

[Claim 13] It is the electric-discharge lamp lighting device according to claim 1 to 
which the switching frequency of the 1st and 2nd switching [ in / the 1st and 2nd 
switching element is half bridge connection, and / in a control circuit / at least / one 
side of the 1st and the 2nd period ] is changed while a polarity-reversals circuit 
contains the 1st and 2nd capacitor of a series connection linked to the 1st and 2nd 



switching element and juxtaposition. 

[Claim 14] An exchange means is a electric-discharge lamp lighting device according 
to claim 1 which has a configuration using the 1st and 2nd switching element of a 
polarity-reversals circuit including a means by which a DC-power-supply circuit 
changes the alternating current power from AC power supply into direct current 
power. 

[Claim 15] The electric-discharge lamp of a load resonance circuit is a 
high-intensity-discharge LGT, and a polarity-reversals circuit includes an intermittent 
oscillation means to make the high frequency switching operation of the 1st and 2nd 
switching element perform intermittently. For a control circuit, the predetermined 
period after lighting distinction of the high-intensity-discharge LGT by the lighting 
distinction means is a electric-discharge lamp lighting device of a polarity-reversals 
circuit according to claim 1 which controls an intermittent oscillation means at least 
and aims at stable lighting of a high-intensity-discharge LGT at least including a 
lighting distinction means by which a control circuit distinguishes the lighting condition 
of a high-intensity-discharge LGT. 

[Claim 16] For a control circuit, a lighting distinction means is [ the predetermined 
period after lighting distinction of a high-intensity-discharge LGT ] the 
electric-discharge lamp lighting device according to claim 15 to which lighting is 
maintained with a larger current value than the predetermined current value passed 
with the high-intensity-discharge LGT at the time of initial lighting. 
[Claim 17] For a control circuit, a lighting distinction means is [ the predetermined 
period after lighting distinction of a high-intensity-discharge LGT ] the 
electric-discharge lamp lighting device according to claim 15 to which lighting of a 
high-intensity-discharge LGT is maintained where a load resonance circuit is 
operated. 

[Claim 18] A control circuit is a electric-discharge lamp lighting device according to 
claim 15 which maintains the starting operation of a load resonance circuit, a lighting 
distinction means forbidding actuation of an intermittent oscillation means, and making 
impression actuation of the electrical potential difference to a 
high-intensity-discharge LGT continue even if a lighting distinction means 
distinguishes the non-point of a high-intensity-discharge LGT in the predetermined 
period after lighting distinction of a high-intensity-discharge LGT. 
[Claim 19] Even if, as for a control circuit a lighting distinction means distinguishes 
the non-point of a high-intensity-discharge LGT in the predetermined period after a 
lighting distinction means distinguishing lighting of a high-intensity-discharge LGT, 



actuat.cn of an intermittent oscillation means is forbidden. The electric-discharge 
lamp hghfng device according to claim 15 which supplies the current of a larger value 
than the predetermined current value which continues the starting operation of a load 
resonance circuit, making impression actuation of the electrical potential difference to 
a h lg h-intensity-discharge LGT continue, and is supplied to the 
h-gh-intensity-discharge LGT at the time of initial lighting to a 
high-intensity-discharge LGT. 

[Claim 20] A control circuit is further equipped with a lamp current detection means 
and a lamp voltage detection means. A lamp current detection means detects the 
current which flows from a DC-power-sup P .y circuit when a high-intensity-discharge 
LGT produces dielectric breakdown with the resonance voltage of the load resonance 
circu.t at the time of no-load and it starts. While a control circuit makes actuation of 
the 1st and 2nd switching element of a fixed period polarity-reversals circuit continue 
accordmg to the detecting signal by it, suspend actuation of an intermittent oscillation 
means and starting operation is made to continue. The electric-discharge lamp 
l.ghting device according to claim 15 which controls actuation of the 1st and 2nd 
switching element so that the current of a bigger value than the current value decided 
by each detecting signal from a lamp current detection means and a lamp voltage 
detection means in the lamp current value at this time flows 

[Claim 21] The 2nd inductor which a DC-power-supply circuit is a pressure-up 
chopper circuit of parallel connection, and connected [ AC power supply ] it to the 
rectifier of parallel connection, and the rectifier by the end at the high potential side 
outgoing end of a rectifier. The 1st diode which connected the anode to the other end 
of the 2nd inductor, the 3rd switching element linked to the other end of the 2nd 
mductor. and the low voltage side outgoing end of a rectifier. It becomes by what 
contams the parasitism diode linked to juxtaposition in the 3rd switching element A 
polarity-reversals circuit The 2nd diode which carried out parallel connection to the 
output of a DC-power-supply circuit, the 1st switching element, the 3rd diode and 
the series connection of the 2nd switching element, The 2nd diode and the 4th diode 
of the 1st switching element and parallel connection, The 3rd diode and the 5th diode 
of the 2nd switching element and parallel connection. It becomes by the series 
connection of the 2nd and 3rd capacitor which carried out parallel connection to the 
DC-power-supply circuit output. A .oad resonance circuit The 1st switching element 
of a polanty-reversals circuit, and the node of the 3rd diode. It becomes the 1st 
mductor. the series connection of the 1st capacitor, and the 1st capacitor which were 
connected between the node of the 4th and 5th diode, and the node of the 2nd and 



3rd capacitor with the electric-discharge lamp of parallel connection. The 1st control 
circuit which a control means detects the output voltage of a pressure-up chopper 
circuit, and carries out the pressure up of the output voltage of a rectifier to 
predetermined level by ON / off control of the 3rd switching element, The 
electric-discharge lamp lighting device according to claim 1 which consists of the 2nd 
control circuit which controls ON/OFF of the 1st and 2nd switching element by 
electric-discharge lamp power which detected and obtained the current and electrical 
potential difference which are supplied to a electric-discharge lamp. 
[Claim 22] A DC-power-supply circuit to AC power supply at the outgoing end of the 
rectifier of parallel connection, and a rectifier The 2nd capacitor of parallel connection, 
The 2nd inductor which connected the end to the high potential side outgoing end of a 
rectifier, the 1st diode which connected the anode to the other end of the 2nd 
inductor, The 3rd switching element linked to the other end of the 2nd inductor, and 
the low voltage side outgoing end of a rectifier, It becomes by the 3rd capacitor which 
connected the cathode of the 1st diode to the low voltage side outgoing end of a 
rectifier. A polarity-reversals circuit becomes in a full bridge circuit including the 
series connection of the 1st and 2nd switching element and the series connection of 
the 4th and 5th switching element which carried out parallel connection to the 
outgoing end of a DC-power-supply circuit. A load resonance circuit becomes the 1st 
inductor, the series connection of the 1st capacitor, and the 1st capacitor which were 
connected between the node of the 1st and 2nd switching element of a 
polarity-reversals circuit, and the node of the 4th and 5th switching element with the 
electric-discharge lamp of parallel connection. The 1st control circuit where a control 
means controls ON/OFF of the 3rd switching element according to the output of a 
DC-power-supply circuit, The electric-discharge lamp lighting device according to 
claim 1 which consists of the 2nd control circuit which detects the current and 
electrical potential difference which are supplied to a electric-discharge lamp, and 
controls ON/OFF of the 1st, 2nd, 4th, and 5th switching element according to those 
detecting signals. 

[Claim 23] A polarity-reversals circuit includes the series connection of the 2nd 
capacitor linked to juxtaposition, and the 3rd capacitor in the outgoing end of a 
DC-power-supply circuit further. A load resonance circuit While becoming by the 
aforementioned inductor and the series connection of a capacitor, the end by the side 
of a capacitor is connected at the node of the 2nd capacitor and the 3rd capacitor. 
The 1st resonance circuit which connected the other end by the side of an inductor 
with the 1st at the node of the 2nd switching element, It becomes in the 2nd 
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resonance circuit which becomes by the series connection of the 3rd .nductor 
connected between the 4th capacitor linked to the both ends of the , st resona ce 
circuit and the inductor side other end of the . st resonance circu*. and the de o 
the 1st and 2nd switching Cement. Said ioad is a electnc-d.scharge lamp 
device according to ciaim 1 connected to the both ends of the capactor of th 1 t 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

K of the invention] This invention reiates to the eieotnc-disoharge lamp lining 
device which started the electric-discharge lamp lighting device w,th h,gh startab,,,ty 
improved the stability of a high-intensity-discharge LGT (HID iamp), and reduced 
the stress to each part article. 

EdTs cription of the Prior Art] For exampie. the conventional electric-discharge lamp 
lighting device indicated by JP.63-150395.A is equipped with the control circuit ON / 
for off control of the 1 st and the 2nd transistor for high frequency actuation, the 3 d 
and the 4th transistor for low frequency actuation, and the transfer from these 
[ let ] to the 4th, and the igniter for high-pressure pulse-voltage generate and 
impresses the alternating voltage of the shape of a square wave wh.ch a polanty 
reverses a fixed period to a electric-discharge lamp through an inductor. 
[0003] The 1 st and the 2nd comparator with which, as for the control crcurt ,n above 
quipment. the 1st and the 2nd reference vohage Vr, and Vr are .repressed 
respectively. The oscillator circuit which oscillates the clock s,gnal of the 
predetermined frequency set up in the time constant circuit wh,ch cons,sts of a 
capacitor and resistance. The 1 st flip-flop reversed by the output of each comparator^ 
,t consists of a timer circuit which outputs the pulse si^al of a fixed penod. and a 
drive circuit which forms the control signal of two pairs of each transistors based on a 
flip-flop output (high frequency signal fh) and a fimer circuit output (low frequency 

[OOotfThe drive circuit is formed with the 2nd flip-flop, the 1st thru/or the 4th AND 
circuit, the 5th and the 6th transistor and the 1st, and the 2nd pulse transformer. 
[0005] An igniter is constituted by a bidirection 3 terminal thynstor ttnac) a 
bidirection 2 terminal switch (switch), the 3rd pulse transformer, etc.. and the 



high-pressure pulse voltage for starting by which induction is carried out to the 
secondary coil of the 3rd pulse transformer impresses it to a electric-discharge lamp 
through the 1 st capacitor by turning on / turning off a triac at the time of starting of a 
electric-discharge lamp. 

[0006] When actuation of this electric-discharge lamp lighting device is explained, the 
output of an oscillator circuit is compared with the 2nd reference voltage Vr2 by the 
2nd comparator, if an oscillator-circuit output becomes larger than the 2nd reference 
voltage, the 2nd comparator output will become high-level, the 1st flip-flop will be set, 
and that output will be set to a high level. The 1st or the 3rd transistor turns on from 
this moment, a current flows, and the electrical potential difference Vdt according to a 
current occurs in the both ends of current detection resistance. When this electrical 
potential difference Vdt and 1st reference voltage Vr1 are compared by the 1st 
comparator and become Vdt>Vr1, the 1st comparator output is set to a high level, and 
the 1st flip-flop is reset. 

[0007] The high frequency signal fh outputted from the 1st flip-flop is inputted into a 
drive circuit as a timing signal of high frequency switching operation. On the other 
hand, the low frequency signal f 1 outputted from a timer circuit is inputted into a drive 
circuit as a timing signal of low frequency switching operation, and is set to the 
frequency twice the frequency of polarity reversals. 

[0008] While forming and dividing-outputting the ON control signal of the 3rd and the 
4th transistor by the 3rd and the 4th AND circuit in a drive circuit by using the low 
frequency signal f 1 as the 2nd flip-flop With the high frequency signal fh, the output of 
the 1st and the 2nd AND circuit is suitably made into a high level, and ON / off control 
signal of the 1st and 2nd transistor are outputted through the 5th and 6th transistor 
and 2nd and 3rd pulse transformer. Therefore, a polarity is reversed a fixed period and 
the alternating voltage which is outputted from the inverter of a full bridge 
configuration and is impressed to a electric-discharge lamp through an inductor turns 
into an electrical potential difference by which the chop was carried out by high 
frequency. 

[0009] In an ignitor, the 2nd capacitor is charged in front of polarity reversals, the 3rd 
capacitor is charged through resistance after polarity reversals, and it flows through a 
triac according to the time constant decided by the 1st and 2nd resistance and 4th 
capacitor. That is, when the both-ends electrical potential difference of the 4th 
capacitor reaches the response electrical potential difference of a switch, a switch 
flows and the trigger of the triac is carried out. Thus, if a triac flows, the 2nd and 3rd 
capacitor will be connected to a serial, the charge charge will discharge through the 
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primary coil of the 1st transformer, the high-pressure pulse voltage for starting will 
occur in the secondary coil, and it will be impressed by the e.ectric-discharge lamp. 

^robLmCs) to be Solved by the Invention] however, in the above-mentioned 
well-known e.ectric-discharge lamp lighting device Since it has the same penod (a 
switching frequency is 1 00-200Hz) also at the time of the time of starting (at the time 
of discharge starting), and a stationary point LGT. the polarity-reversals penod of the 
al ternating voltage impressed to a electric-discharge lamp Even if a high-pressure 
pulse voltage is impressed at the time of starting and the e.ectric-discharge lamp was 
starting, a reversed-po.arity electrica. potential difference will be impressed 
immediately, and discharge became is hard to be maintained, and ,t could not sh.ft to a 
stationary point LGT smoothly, but there was a problem that the starting 

characteristic was bad. . 
[001 1] The control circuit proposed as one remedy in above well-known equ.pment In 
the time of no-load [ which is further equipped with each component wh.ch ,. 
connected on the 3rd flip-flop and the outskirts of this in addition to the configuration 
of the above-mentioned control circuit, and the e.ectric-discharge lamp has not put 
into operation ] Always set the output of the 1st comparator as a low, a charge ,s 
made not to be stored in a surrounding capacitor, and a transistor turns off. When he 
output of the 3rd flip-flop is set to a low, the 3rd resistance is inserted, and the 
polarity-reversals period of alternating voltage is lengthened enough (,t ,. set as 10Hz 
or less). Therefore, in this electric-discharge lamp lighting device, when bemg 
discharging by impression of a high-pressure pulse voltage, by impressing the same 
polar electrical potential difference sufficiently long, it can shift to stable discharge 
easily and the starting characteristic is improved. However, in a electric-d.scharge 
lamp lighting device equipped with the control circuit as such a remedy, there was a 
problem that spacing of the high-pressure pulse voltage which covers the whole at 
the time of starting, and is impressed to a e.ectric-discharge lamp s.nce the 
polarity-reversals period of alternating voltage is long became long, and starting time 
amount became long. 

[0012] If there are some which generate a high-pressure pulse voltage w.th LC 
resonance voltage as other solutions, for example, the 1st. the group of the 4th 
transistor, and the group of the 2nd and 3rd transistor are made to turn on / turn off 
by 50% of on-duty by turns, respectively, it will become possible to make a oontinuous 
high-pressure pulse voltage with the equal level by LC resonance impress to a 
electric-discharge lamp. However, by this method, since DC component ,s not 



contained in the electrical potential difference impressed to a electric-discharge lamp, 
there is a problem from which energy required since it shifts to the arc discharge after 
dielectric breakdown smoothly is not obtained. 

[0013] Moreover, although what is necessary is just to set up a switching frequency 
near LC resonance frequency in order to obtain a high-pressure pulse voltage, it is 
necessary to pass the big resonance current in this case, and the problem that big 
stress starts a coil, a capacitor, a switching element, etc. arises. 

[0014] This invention supplies energy required in order to make it shift to arc 
discharge smoothly to a electric-discharge lamp, raises startability, and is to offer the 
electric-discharge lamp lighting device which reduces the cost which moreover starts 
component parts, such as a coil, a capacitor, and a switching element, while it carries 
out starting lighting of the electric-discharge lamp suitably in view of this reason with 
the high-pressure pulse voltage obtained by LC resonance. 
[0015] 

[Means for Solving the Problem] The DC-power-supply circuit for direct-current 
electric power supplies where this invention has the output terminal of a pair, The 
polarity-reversals circuit of the series connection by which parallel connection is 
carried out to the output terminal of a DC-power-supply circuit which changes the 
direct current power from a DC-power-supply circuit into alternating current power 
including the 1st and 2nd switching elements at least, It has the load resonance circuit 
which grows into an inductor, a capacitor, and this capacitor with the 
electric-discharge lamp of parallel connection, and the control circuit which controls 
the electrical potential difference which is made to turn on / turn off the 1st and 2nd 
switching elements of a polarity-reversals circuit by turns, and is impressed to the 
electric-discharge lamp of a load resonance circuit, and A control circuit so that a 
"on" period may generate by turns the 1st period when the 2nd switching element 
becomes long from the 1st switching element, and the 2nd period which becomes 
short While making the 1st and 2nd switching elements turn on / turn off by high 
frequency operation by turns and impressing a square wave-like low frequency 
electrical potential difference to a electric-discharge lamp In the starting lighting 
mode of a electric-discharge lamp, DC component is superimposed on a resonance 
pulse from a load resonance circuit, and control which the switching frequency of 
each switching element is changed continuously, and impresses the high voltage to a 
electric-discharge lamp is performed. 

[0016] While carrying out starting lighting of the electric-discharge lamp suitably by 
this with the high-pressure pulse voltage obtained by LC resonance, energy required 
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in order to make it shift to arc discharge smoothly is supplied to a electric-discharge 
lamp, startability is raised, and the cost which moreover starts component parts, such 
as a coil, a capacitor, and a switching element, is reduced. 

[Embodiment of the Invention] Hereafter, the gesta.t of operation of this invention is 
explained with the example of illustration. 

[0018] Drawing 1 is the outline block diagram of the electric-discharge lamp l.ghtmg 
device concerning the gesta.t of operation of the 1st of this .nvent.oa 
DC-power-supp.y circuit 1 A which lighting devices, such as discharge concerns the 
gestalt of this operation, change the alternating current power from AC power supply 
AC into direct current power, and is supplied to the output terminal of a pa.r, 
Polarity-reversals circuit 3A which changes the direct current power from 
DC-power-supply circuit 1A into alternating current power including 2 sw.tch.ng 
elements of the 1 st and the 2nd capacitor of a series connection which were des.rablv 
connected to the output terminal of DC-power-supp.y circuit 1A, and juxt.po.rt.on. 
respectively, and the 1st and **, Load resonance circuit 2A conta.n.ng the 
electric-discharge lamp which carries out parallel connection to the series connection 
of an inductor and a capacitor, and this capacitor desirably, and rece.es the 
alternating current power from polarity-reversals circuit 3A. It consists o control 
circuit 5A which controls the electrical potential difference which is made to turn on / 
turn off each switching element of a polarity-reversals circuit by turns, and ,s suppl.ed 
to a electric-discharge lamp. 

[0019] The 1st period when, as for control circuit 5A. the on period of the 2nd 
switching element becomes long rather than the "on" period of the 1st sw.tch.ng 
element. By turning on/off operating both switching elements by the RF by turns so 
that the 2nd period when the "on" period of the 2nd switching element becomes short 
rather than the "on" period of the 1st switching element may be made to generate 
The duty of a switching element is controlled out of balance. ON / off frequency .s 
changed, and a square wave-like low frequency electrical potential difference .s 
pressed to a electric-discharge lamp. That is. control circuit 5A changes the 
frequency of each switching element at least in one side of each 1st and 2nd penod, 
and impresses the high voltage to a electric-discharge lamp. 

[0020] With this configuration, since a switching frequency changes, when LO 
resonance by the inductor and the capacitor becomes a peak, the high-pressure pulse 
voltage used as the maximum comes to be impressed by the electric-discharge lamp. 
Thereby, a electric-discharge lamp comes to carry out starting lighting su.tab.y. 



Moreover, since the 1st and 2nd switching elements turn on / turn off by high 
frequency operation by turns so that a "on" period may generate by turns the 1st 
period when the 2nd switching element becomes long from the 1st switching element, 
and the 2nd period which becomes short, it comes to impress a square wave-like low 
frequency electrical potential difference to a electric-discharge lamp, and the energy 
which may be made to shift to arc discharge smoothly is supplied to a 
electric-discharge lamp. Consequently, while being able to put a electric-discharge 
lamp into operation suitably and being able to make the light switch on with the 
high-pressure pulse voltage obtained by LC resonance, it becomes possible to supply 
energy required in order to make it shift to arc discharge smoothly to a 
electric-discharge lamp, and to raise startability. 

[0021] Drawing 2 is a concrete circuit diagram of the electric-discharge lamp lighting 
device of the gestalt of the 1st operation shown in drawing 1 . DC-power-supply 1A 
for direct-current electric power supplies in which the electric-discharge lamp lighting 
device shown in drawing 2 has pressure-up chopper circuit 11 A, Load resonance 
circuit 2A which changes by the inductor L1, the capacitor C1 by which a series 
connection is carried out to this inductor L1, the electric-discharge lamp 
(high-intensity-discharge LGT) La of the series connection by which parallel 
connection is carried out to this capacitor C1, and resistance R1, It is constituted by 
polarity-reversals circuit 3A which changes the direct current power from 
DC-power-supply 1 A into alternating current power, and is supplied to load resonance 
circuit 2A, control circuit 4A for pressure-up chopper circuit 1 1 A, and control circuit 
5A for polarity-reversals circuit 3A. 

[0022] When each part of this equipment is explained further in full detail, 
DC-power-supply 1A AC power supply AC is consisted of by the rectifier DB which 
rectifies by incorporating alternating current power, and pressure-up chopper circuit 
11 A. This pressure-up chopper circuit 11A The inductor L1 1 to which the high 
potential side outgoing end and end of Rectifier DB are connected, It has the 
switching element Q1 1 by which a drain and the source are connected with the other 
end of this inductor L11, and the low voltage side outgoing end of Rectifier DB, 
respectively and which becomes, for example by FET, and the diode D1 1 to which the 
other end and the anode of an inductor L1 1 are connected. However, the switching 
element Q1 1 has the structure of having the parasitism diode D1 1 by which a source 
substrate is connected and a cathode and an anode are connected to a drain and the 
source, respectively. 

[0023] The diode D3 Q1 of a series connection with which parallel connection of the 



polarity-reversals circuit 3A is carried out to the output of DC-power-supply 1 A, for 
example, the 1st switching element which becomes by FET, and the 2nd switching 
element Q2 which becomes for Diodes D4 and FET, The diode D5 by which parallel 
connection is carried out to diode D3 and the 1st switching element Q1. It has the 
diode D6 by which parallel connection is carried out to diode D4 and the 2nd switching 
element Q2, and the 1st and 2nd capacitor CE1 and CE2 of the series connection by 
which parallel connection is carried out to the output of direct-current 1A. However, 
the 2 switching elements Q1 and Q2 of the 1st ** have the parasitism diodes D1 and 
D2 like the switching element Q1 1 of a pressure-up chopper circuit, respectively. 
[0024] Control circuit 4A for pressure-up chopper circuits is equipped with the drive 
circuit 42 for driving a switching element Q11 in response to the output voltage 
detector 41 which detects the output voltage of pressure-up chopper circuit 1 1 A, and 
this detecting signal, performs generation and the output of the control signal ON / for 
off to a switching element Q1 1, and performs ON / off control. Moreover, for example, 
control which ON / off control of the switching element Q1 1 are performed [ control ], 
and carries out the pressure up of the output voltage of Rectifier DB to 
predetermined level is performed as usual, carrying out the monitor of the output 
voltage of pressure-up chopper circuit 1 1 A. 

[0025] Control circuit 5 A for polarity-reversals circuit 3A The Via detector 51 for 
lamp voltage detection, the Ila detector 52 for lamp current detection, the Wla 
detector 53 that computes lamp power in response to the detecting signal from both 
[ these ] detectors, and this calculation signal are received. The 1 st and 2nd switching 
element Q1 and Q2 It has the drive circuit 54 to drive, generation and the output of 
the control signal ON / for off are performed to the 1 st and 2nd switching element Q1 
and Q2, and ON / off control is performed. 

[0026] for example, when a electric-discharge lamp La is in a steady state As the lamp 
power obtained from the Wla detector 53 is shown in TM21 and TM22 of drawing 3 
using the on-duty for adjusting to a predetermined value While making the 1st 
switching element Q1 turn on / turn off by dozens of kHz high frequency operation, 
turning OFF the 2nd switching element Q2 during a period TM 21 Control which makes 
the 2nd switching element Q2 turn on / turn off by dozens of kHz high frequency 
operation, turning OFF the 1st switching element Q1 is repeatedly performed during 
the next period TM 22. In this case, the frequency which changes by periods TM21 
and TM22 is set as dozens-100Hz low frequency. Moreover, the switching frequency 
of the 1st and 2nd switching element Q1 and Q2 is maintained by constant value. 
[0027] In the case of the control mode for starting lighting which is made to put a 



electric-discharge lamp La into operation, and is made to turn on to the control mode 
for the above-mentioned steady states on the other hand So that a "on" period may 
generate by turns the 1st period TM 12 when the 2nd switching element Q2 becomes 
long from the 1st switching element Q1, and the 2nd period TM 11 which becomes 
short Both the switching elements Q1 and Q2 are made to turn on / turn off by high 
frequency operation by turns, and control which impresses a square wave-like low 
frequency electrical potential difference to a electric-discharge lamp La is performed. 
In this case, the frequency which changes by periods TM11 and TM12 is set as 
dozens-100Hz low frequency. 

[0028] Moreover, as shown in the "duty sweep" of drawing 3 , it applies predetermined 
time T1 from the initiation point in time in each period of periods TM1 1 and TM12, and 
change, i.e., the control which carries out a sweep, is continuously performed in an ON 
duty ratio. If it lengthens gradually at this time, applying each "on" period of Q2 
predetermined time T1 by TM12 applying Q1 by "on" period 1 1 of the longer one, i.e., 
TM, DC component of lamp voltage Via becomes large gradually. In addition, in the 
example of drawing 3 , the "on" period besides predetermined time T1 is longer than 
the "on" period within the predetermined time T1. 

[0029] Furthermore, the switching frequency of the 1st and 2nd switching element Q1 
and Q2 in one [ at least ] period of the 1st and 2nd periods is changed, and control 
which impresses the high voltage to a electric-discharge lamp La is performed. That is, 
as shown in the "frequency sweep" of drawing 3 , control to which the switching 
frequency of the 1st and 2nd switching element Q1 and Q2 is changed (sweep) is 
performed, control circuit 5 applying it predetermined time T1 from the initiation point 
in time in each period of periods TM1 1 and TM1 2. At this time, that sweep range is set 
up so that the peak of LC resonance by the inductor L1 and the capacitor C1 may be 
included. In addition, the inclination of the sweep of the switching frequency of the 1st 
and 2nd switching element Q1 and Q2 may be comparable. 

[0030] Next, an outline is explained about actuation by control circuit 5A used as the 
description of the gestalt of the 1st operation. First, if the circuit actuation by the 
control mode for steady states is explained using drawing 3 R> 3 While making the 1st 
switching element Q1 turn on / turn off by high frequency operation, turning OFF the 
2nd switching element Q2 in a period TM 21 Control which makes the 2nd switching 
element Q2 turn on / turn off by high frequency operation, turning OFF the 1st 
switching element Q1 in a period TM 22 is performed repeatedly. By this The square 
wave-like low frequency electrical potential difference Via is impressed to a 
electric-discharge lamp La, square wave-like low frequency current Ila flows, and a 



1 



electric-discharge lamp La lights up by the steady state. 

[0031] Next, if the circuit actuation by the control mode for starting lighting is 
explained Control which makes the 1st and 2nd switching element Q1 and Q2 turn on 
/ turn off by high frequency operation by turns so that the period TM 12 when the 
"on" period of the 2nd switching element Q2 becomes longer than the 1st switching 
element Q1, and the period TM 1 1 which becomes short may be generated by turns is 
performed. By this A square wave-like low frequency electrical potential difference 
will be impressed to a electric-discharge lamp La, and energy required to shift to arc 
discharge by DC component contained in lamp voltage Via will fully be supplied to a 
electric-discharge lamp La. 

[0032] Moreover, at this time, as shown in drawing 3 , it applies to predetermined time 
T1 from the initiation stage in each period of periods TM1 1 and TM1 2, control to which 
an ON duty ratio is changed from D11 to D12 is performed, and, thereby, DC 
component of lamp voltage Via becomes large gradually. However, it is the ON duty 
ratio D12 at the initiation time in each period of periods TM11 and TM12, and it is 
returned to D1 1. 

[0033] Furthermore, as shown in drawing 3 , it applies to predetermined time T1 from 
the initiation time in each period of periods TM11 and TM12. Control to which the 
switching frequency of the 1st and 2nd switching element Q1 and Q2 is changed to 
f12 from f11 is performed. By this Since lamp voltage Via is overlapped on the 
high-pressure pulse voltage used as the maximum when LC resonance by the inductor 
L1 and the capacitor C1 becomes a peak, a electric-discharge lamp La will carry out 
starting lighting very suitable for dielectric breakdown. Moreover, by carrying out the 
sweep of the switching frequency, even if a components constant varies, it becomes 
possible to impress the high-pressure pulse voltage used as the maximum to a 
electric-discharge lamp La. However, it is the switching frequency f12 at the initiation 
time in each period of periods T1 1 and T1 2, and it is returned to f1 1 . 
[0034] As mentioned above, while being able to carry out starting lighting of the 
electric-discharge lamp suitably with the high-pressure pulse voltage obtained in LC 
resonance circuit according to the gestalt of the 1st operation, it becomes possible to 
supply the energy which is needed in order to make it shift to arc discharge smoothly 
to a electric-discharge lamp, and to raise startability. 

[0035] In addition, although the switching frequency of the 1 st and 2nd switching 
element Q1 and Q2 has composition which carries out a sweep to the higher one from 
the lower one as shown in drawing 3 at the time of the control mode for starting 
lighting if it is in the gestalt of the 1st operation, the configuration which carries out a 



sweep to the lower one from the one where the switching frequency of not only this 
but both the switching elements Q1 and Q2 is higher may be used. In short, thereby, 
that you make it stabilized like the peak voltage and the 
electrical-potential-difference growth fault of lamp voltage Via of a electric-discharge 
lamp La becomes [ the control circuit both the switching elements Q1 and for Q2 ] 
that what is necessary is just the configuration of changing the switching frequency of 
both the switching elements Q1 and Q2 in one [ at least ] period of the 1st and 2nd 
periods to either the lower one or the higher one as shown in drawing 4 possible. 
[0036] Moreover, a transistor may be used although FET, especially MOSFET shall be 
used as switching elements Q1 and Q2 in the above-mentioned publication. 
[0037] Although drawing 5 is the explanatory view of the frequency sweep in the 
electric-discharge lamp lighting device of the 2nd operation gestalt of this invention 
and the electric-discharge lamp lighting device is equipped with DC-power-supply 1 A, 
load resonance circuit 2A, polarity-reversals circuit 3A, and the control circuits 4A 
and 5A of each circuits 2A and 3A like the gestalt of operation of the 1 st of drawing 2 
in this case As difference with the gestalt of the 1st operation, control circuit 5B for 
polarity-reversals circuits in this operation gestalt In the time of the control mode for 
starting lighting, it is constituted like control circuit 5A of the gestalt of the 1st 
operation except performing control to which the switching frequency of the 1st and 
2nd switching element Q1 and Q2 in one [ at least] period of periods TM11 and TM12 
is changed to the lower one. That is, change, i.e., the control which carries out a sweep, 
is performed for the switching frequency of each switching elements Q1 and Q2 to the 
lower one f11 from the higher one f 1 2, control circuit 5 applying [ this ] it to 
predetermined time T1 from the initiation time in each period of periods TM11 and 
TM12. 

[0038] Next, control circuit 5B explains the reason for carrying out the sweep of the 
switching frequency to the lower one using drawing 5 . If a electric-discharge lamp La 
carries out dielectric breakdown, the resonance curve in load resonance circuit 2A will 
change from the resonance curve A1 (a peak is fo) at the time of electric-discharge 
lamp un-switching on the light to the resonance curve A2 after electric-discharge 
lamp dielectric breakdown. Then, if the switching frequency of the 1st and 2nd 
switching element Q1 and Q2 is changed to the lower one, in order that the switching 
frequency may approach the peak (foO of the resonance frequency in the resonance 
curve A2 after a electric-discharge lamp La carries out dielectric breakdown, the 
suitable thing for arc discharge which it depends and is acquired for big energy can 
become possible, and, thereby, a electric-discharge lamp La can be made to shift to 



arc discharge more stably. 

[0039] Drawing 6 is the explanatory view of the frequency sweep in the 
electric-discharge lamp lighting device of the gestalt of operation of the 3rd of this 
invention, multiple-times change of the switching frequency of the 1st and 2nd 
switching element Q1 and Q2 in one [ at least ] period of the periods TM1 1 and TM12 
at the time of starting is carried out, and control which impresses the high voltage to a 
electric-discharge lamp La is performed. In this case, control circuit 5C for 
polarity-reversals circuits performs control to which the switching frequency fHF of 
switching elements Q1 and Q2 is changed 3 times like multiple times, for example, 
illustration, (sweep) in each of the periods TM1 1 and TM12 at the time of starting, as 
shown in drawing 6 . At this time, the sweep range of that switching frequency is set 
up so that the peak of LC resonance by the inductor L1 and capacitor C1 of load 
resonance circuit 2A may be included. 

[0040] In addition, the configuration by which a sweep is carried out with the sweep of 
a switching frequency like the gestalt of the 1st operation about the on-duty of the 
1st and 2nd switching element Q1 and Q2 may be used, or the configuration of being 
changed into another constant value only at the time of the sweep of a switching 
frequency may be used. 

[0041] Next, an outline is explained about actuation by control circuit 5C used as the 
description of the gestalt of operation of **** 3. First, if the circuit actuation by the 
control mode for steady states is explained While making the 1 st switching element 
Q1 turn on / turn off by high frequency operation, turning off the 2nd switching 
element Q2 during the period TM 21 at the time of lighting The control which makes 
the 2nd switching element Q2 turn on / turn off by high frequency operation, turning 
OFF the 1st switching element Q1 is repeated during a period TM 22. By this The 
square wave-like low frequency electrical potential difference Via is impressed to a 
electric-discharge lamp La, square wave-like low frequency current Ila flows, and a 
electric-discharge lamp La lights up by the steady state. 

[0042] Next, so that the period TM 12 when the "on" period of the 2nd switching 
element Q2 becomes longer than the 1st switching element Q1, and the period TM 1 1 
which becomes short may be generated by turns, if the circuit actuation by the 
control mode for starting lighting is explained Control which makes both the switching 
elements Q1 and Q2 turn on / turn off by high frequency operation by turns is 
performed. By this A square wave-like low frequency electrical potential difference 
will be impressed by the electric-discharge lamp La, and energy required to shift to 
arc discharge by DC component contained in lamp voltage Via will fully be supplied to 
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a electric-discharge lamp La. 

[0043] Moreover, at this time, as shown in drawing 6 , it sets at each period of periods 
TM11 and TM12. Control which makes fl 1 to f 1 2 carry out multiple-times change of 
the switching frequency of the 1st and 2nd switching element Q1 and Q2 is performed. 
By this Since lamp voltage Via is overlapped on the high-pressure pulse voltage used 
as the maximum for every sweep of a switching frequency when LC resonance by the 
inductor L1 and capacitor C1 of load resonance circuit 2A becomes a peak, a 
electric-discharge lamp La will carry out starting lighting very suitable for dielectric 
breakdown. Moreover, by carrying out the sweep of the switching frequency, even if a 
components constant varies, it becomes possible to impress the high-pressure pulse 
voltage used as the maximum to a electric-discharge lamp La. 

[0044] As mentioned above, according to the gestalt of the 3rd operation, it becomes 
possible to do so the same effectiveness as the gestalt of the 1st operation, and also 
it becomes possible to carry out starting lighting of the electric-discharge lamp La 
more suitably than the gestalt of the 1st operation. Moreover, if the output of the 
transmitter for square wave electrical-potential-difference generating at the time of 
the control mode for steady states is used for the generating timing of frequency 
sweep actuation, a circuit can be constituted easily. 

[0045] Drawing 7 is the explanatory view of the frequency sweep by the control circuit 
for the polarity-reversals circuits of the electric-discharge lamp lighting device in the 
gestalt of operation of the 4th of this invention. Have the electric-discharge lamp 
lighting device like the gestalt of the 3rd operation of the control circuit for a 
DC-power-supply circuit, a load resonance circuit, a polarity-reversals circuit, and 
DC-power-supply circuits, and the control circuit for polarity-reversals circuits, and 
also in this case, as difference with the gestalt of the 3rd operation Control circuit 5D 
for polarity-reversals circuits is equipped with the Via detector, the Ila detector, and 
the drive circuit, and also it is set at the time of the control mode for starting lighting. 
As shown in drawing 7 , for every sweep of the switching frequency of the 1st and 2nd 
switching element Q1 and Q2 in each period of the periods TM11 and TM12 at the 
time of starting It has control circuit 5D which operates like control circuit 5C of the 
gestalt of the 3rd operation except performing modification control of the duty to 
smaller constant value. 

[0046] If the reason for changing duty as mentioned above is explained here, since a 
electric-discharge lamp La will be a high-intensity-discharge LGT, when impress the 
high voltage to a electric-discharge lamp La first, a electric-discharge lamp is made to 
start and arc discharge happens next, it is desirable to supply sufficient quantity of 



power and to make discharge shift to a stable condition. 

[0047] By the way, in order to make the high voltage still higher, it is necessary to 
bring duty close to 0.5 but, and in the sweep period of a switching frequency, DC 
component contained in the electrical potential difference impressed to a 
electric-discharge lamp La decreases conversely, so that duty is brought close to 0.5 
in this way. Thus, if arc discharge happens after DC component has decreased, 
sufficient power for making discharge shift to a stable condition will no longer be 
supplied to a electric-discharge lamp La, and a electric-discharge lamp La will stand 
and go out depending on the case. 

[0048] Then, the power of sufficient amount for making duty small so that it may 
become close to 0.5 during the sweep period of a switching frequency, making it the 
still higher high-pressure pulse voltage to a electric-discharge lamp La impress, 
making duty larger than 0.5 out of the sweep period, and making discharge shift to a 
electric-discharge lamp La at a stable condition is supplied to a electric-discharge 
lamp La. 

[0049] As mentioned above, according to the gestalt of the 4th operation, it becomes 
possible to do so the same effectiveness as the gestalt of the 1st operation. 
[0050] Drawing 8 , and 9 and 10 show the gestalt of the 5th of this invention, 6, and 
operation of seven, respectively. The electric-discharge lamp lighting device of the 
gestalt of operation of the 5th of drawing 8 The pressure-up section 81 (AC / DC 
converter) which changes the alternating current power of AC power supply AC into 
predetermined direct current voltage, While stabilizing as power which supplies the 
output of the pressure-up section to a electric-discharge lamp, changing into the 
square wave of low frequency the dc output of the pressure-lowering section 82 
(DC/DC converter) which controls the lighting electrical potential difference of a 
electric-discharge lamp, and a current proper, and the pressure-lowering section 82 
and giving a electric-discharge lamp It consists of an inverter and a starting circuit 83 
(DC/AC converter) which generates the high voltage of the high frequency containing 
DC component at the time of starting of a electric-discharge lamp. 
[0051] While the equipment of the gestalt of operation of the 6th of drawing 9 changes 
the alternating current power of AC power supply AC into a direct current While 
stabilizing the supply voltage to a electric-discharge lamp, changing into the square 
wave of low frequency the dc output of the power control section 91 (AC/DC 
converter) which controls the lighting electrical potential difference of a 
electric-discharge lamp, and a current proper, and the power control section 91 and 
giving a electric-discharge lamp It consists of an inverter and a starting circuit 92 
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(DC/AC converter) which generates the high voltage of the high frequency containing 
DC component at the time of starting of a electric-discharge lamp. 
[0052] The pressure-up section 101 (AC/DC converter) from which the equipment of 
the gestalt of operation of the 7th of drawing 10 changes the alternating current 
power of AC power supply AC into predetermined direct current voltage, While 
stabilizing the output voltage of the pressure-up section as a supply voltage to a 
electric-discharge lamp and controlling the lighting electrical potential difference of a 
electric-discharge lamp, and a current proper It changes into the square wave of low 
frequency which gives a pressure-up section output to a electric-discharge lamp, and 
consists of the power control, an inverter, and a starting circuit 102 (DC/AC 
converter) which generates the high voltage of the high frequency which contained 
DC component at the time of starting of a electric-discharge lamp. 
[0053] every — the gestalt of the 5th thru/or the 7th operation — setting — AC 
power supply AC and the pressure-up section 81,101 — a DC power supply — you 
may replace — moreover, the pressure-up section and the power control section 91 
— the input current from AC power supply AC — a distorted increment may be 
controlled and you may have the function which keeps a power-factor high. Moreover, 
an inverter, the starting circuits 83 and 92, and power control, an inverter and a 
starting circuit 102 are equipped with the resonance circuit which becomes by the 
inductor of a pair, and the series connection of a capacitor at least, respectively, and 
a electric-discharge lamp La is connected to the both ends of a capacitor. 
[0054] In actuation of each equipment of the gestalt of these [ 5th ] thru/or the 7th 
operation, lighting actuation is performed at the time of starting of a 
electric-discharge lamp, changing a frequency by the RF near the resonance 
frequency of a resonance circuit. It becomes it is possible to generate the resonance 
voltage for starting certainly, since lighting actuation is performed changing a 
frequency even if resonance frequency changes with the inductor of a resonance 
circuit and dispersion of a capacitor by this, and possible to reduce the stress which 
between the nascent states of the big resonance current which flows at the time of 
generating of resonance voltage is shortened, and starts each component, since 
circuit actuation is not fixed with resonance frequency. 

[0055] Moreover, at the time of starting, an inverter, the starting circuit 83, and power 
control, an inverter and a starting circuit 102 operate so that DC component may be 
superimposed on the high voltage by the above-mentioned resonance. For example, 
by making into imbalance duty of the switching element which operates by high 
frequency in the inverter of a bridge type, in capacitor both ends, DC component 



according to a duty ratio occurs, and the resonance voltage superimposed on DC 
component occurs in electric-discharge lamp both ends. Thereby, after a 
electric-discharge lamp carries out dielectric breakdown and starts with resonance 
voltage, the shift to arc discharge from glow discharge becomes easy by this DC 
component, and the startability of a electric-discharge lamp is improved. 
[0056] Although the half bridge configuration has shown the switching element of a 
polarity-reversals circuit and an inverter circuit with the gestalt of each operation 
mentioned above, it is also possible to consider an inverter as a full bridge 
configuration in this invention. 

[0057] Polarity-reversals circuit 1 1 3A containing the inverter circuit which is shown 
in drawing 11 and which considered the switching element as the full bridge 
configuration with the gestalt of the 8th operation is used. The series circuit of the 1st 
and 2nd switching element Q1 and Q2 where circuit 113A becomes the outgoing end 
of DC-power-supply circuit 111A, for example from MOSFET, respectively, Connect 
the series circuit of the 3rd and 4th switching element Q3 and Q4, and the series 
circuit of an inductor L0 is connected with a capacitor CO between the node of the 
1st and 2nd switching element Q1 and Q2, and the node of the 3rd and 4th switching 
element Q3 and Q4. It came to connect high-intensity-discharge LGT La with 
juxtaposition, and control circuit 115A for polarity-reversals circuits equips the 
capacitor CO with the lamp current detector 114, the lamp voltage detector 113, the 
control circuit 115, and the drive circuit 116. 

[0058] If it ** and is at the time of no-load [ of a electric-discharge lamp La ], 
switching elements Q1-Q4 are comparatively turned on / turned off by turns by the 
RF, as the driving signal outputted from the drive circuit 1 1 6 by the signal of a control 
circuit 115 shows to wave Q1-Q4 of drawing 12 . At this time, by carrying out the 
frequency of ON/OFF near the series resonating frequency of an inductor L0 and a 
capacitor CO, the high voltage Via shown in drawing 12 occurs in the both ends of a 
capacitor CO, they are made to carry out dielectric breakdown of the 
electric-discharge lamp La with this high voltage Via, and are started. Continuation of 
unloaded condition performs intermittently actuation at the time of no-load 
[ above-mentioned ]. 

[0059] Next, when a electric-discharge lamp La will start and it will be in a steady 
state, the 2nd switching element Q2 will turn on at the period which the 3rd switching 
element Q3 has switched [ the 4th switching element Q4 ] to the period which the 
period which the 1 st and 3rd switching element Q1 and Q3 switches by high frequency 
was comparatively repeated by turns by low frequency, and the 1st switching element 



Q1 has switched by high frequency by high frequency again. Consequently, to a 
electric-discharge lamp La, the lamp current Ila superimposed on the ripple 
component of a RF by the dc component flows in each polarity, and a 
electric-discharge lamp is turned on on the electrical potential difference of an 
abbreviation square wave by carrying out alternation of it by low frequency. 
[0060] Moreover, a suitable output is supplied to a electric-discharge lamp La by 
controlling switching of each switching elements Q1-Q4 by the control circuit 115 
according to the signal from the lamp voltage detector 113 and the lamp current 
detector 1 1 4. 

[0061] After a electric-discharge lamp La produces dielectric breakdown like the 
gestalt of each above-mentioned operation and the gestalt of the 8th operation also 
starts here, in the unstable stage of the discharge which shifts to a steady state, 
many lamp currents Ila are passed, the shift to arc discharge is made easy, and 
startability improves. Since the actuation after this starting is the same as that of the 
gestalt of each above-mentioned operation, explanation is omitted. 
[0062] On the other hand with the gestalt of operation of the 9th of drawing 13 , the 
3rd and 4th switching element Q3 and Q4 in the full bridge configuration of the 
switching element of the inverter circuit of drawing 1 1 R> 1 is replaced by the 
capacitors C01 and C02 of a series connection. In LC resonance circuit, to the 
inductor L1 of a series connection, and the both ends of a capacitor C1, furthermore, 
a capacitor C2 To the both ends of an inductor L1 and a capacitor C1, an inductor L2 
is inserted for a capacitor C2 between an inductor L1, the node of a capacitor C2, and 
the node of the 1st and 2nd switching element Q1 and Q2, and LC resonance circuit 
of a duplex is constituted. 

[0063] When using a high-intensity-discharge LGT as a electric-discharge lamp La, 
dozens of kHz RF lighting is not usually performed like a fluorescent lamp. It is 
because an acoustical resonance phenomenon may produce this in such a RF field 
and discharge may become unstable, therefore, in the case of a 
high-intensity-discharge LGT, lighting by the electrical potential difference of the 
shape of a square wave of low frequency and the current is performed. However, when 
a lamp current is overlapped on a high frequency component as in the gestalt of 
above-mentioned operation by switching of the high frequency of the 1 st or 2nd 
switching element at the time of a stationary point LGT and especially this high 
frequency component becomes large also in that case, there is a possibility that the 
above acoustical resonance phenomena may arise. Therefore, with the gestalt of 
operation of **** 9, it becomes possible to constitute the low pass filter from which 



this high frequency component is removed, to remove a high frequency component, 
and to prevent generating of an acoustical resonance phenomenon by the inductor L2 
which makes the resonance circuit of a duplex, and the capacitor C2. 
[0064] Although power supplied to a electric-discharge lamp is controlled by the 
inverter circuit part of a polarity-reversals circuit with the gestalt of each operation 
mentioned above, a power control section and an inverter circuit part may be 
separated like the gestalt of the 10th operation shown in drawing 14 . In that case, a 
power control section is constituted as a pressure-lowering chopper circuit, a lamp 
power value with the proper lamp power detector 53 is set up, and the drive circuit 54 
controls actuation of each switching elements Q1-Q4 of an inverter part by the 
detection value of the lamp voltage detection means 51 and the lamp current 
detection means 52 along with this. The output obtained by this is changed into the 
square wave of low frequency in an inverter circuit part, and is impressed to a 
electric-discharge lamp La. It operates, as shown in the wave form chart of drawing 
15 , and the resonance voltage which superimposed DC component like the gestalt of 
each above-mentioned operation occurs, and a electric-discharge lamp La puts each 
switching elements Q1-Q4 in an inverter circuit part into operation with this 
resonance voltage. 

[0065] By a lamp current detection means or a lamp voltage detection means 
detecting lighting of a electric-discharge lamp, and changing actuation by it, although 
not clearly written especially about changing at the time of starting and lighting with 
the gestalt of each above-mentioned operation again, after a fixed period behind 
powering on continues starting operation, it can change actuation and can perform 
lighting actuation. 

[0066] Drawing 16 is the wave form chart explaining actuation of the gestalt of the 
11th operation which constituted the control circuit so that a lamp current might be 
increased immediately after starting of a electric-discharge lamp in the gestalt of the 
1st operation and improvement in startability might be obtained. The no-load 
intermittent-control-action condition that drawing 1 6 (a) impresses intermittently the 
resonance voltage at the time of no-load to a electric-discharge lamp La in unloaded 
condition (I), Stationary operating state (II) is shown. In the state of a no-load 
intermittent control action (I) It is controlled to make intermittent actuation which 
switching elements Q1 and Q2 have switched by high frequency so that drawing 16 R> 
6 (b) and 16 (c) show, and as shown in the electrical potential difference 16 (d) 
impressed to the both ends of the electric-discharge lamp La at that time, it has a 
high voltage. 



[0067] At this time, control circuit 5A is taken as the larger current value 11 than the 
current value 12 which usually passes the indicated value of the lamp current Ila 
passed to a electric-discharge lamp La at the time of lighting as shown in drawing 1 6 
(e). If a electric-discharge lamp La produces dielectric breakdown with the resonance 
voltage at the time of no-load and starts, to a electric-discharge lamp La, energy will 
be supplied through the inverter circuit section of DC-power-supply circuit 1A to 
polarity-reversals circuit 3A, and as shown in drawing 16 (f), the lamp current Ila will 
begin to flow to it. The lamp current detector 52 detects the flow start of this lamp 
current Ila, and detects starting of a electric-discharge lamp La. That is, the lamp 
current detector 52 serves as a lighting distinction means. 

[0068] If starting is detected, the lamp current detector 52 will output a detecting 
signal, as shown in drawing 16 (g), and control circuit 5A controls the switching 
operation of switching elements Q1 and Q2 so that the current of the bigger current 
value 12 than the usual current value 11 decided by the detecting signal from a fixed 
period tau, the lamp current detector 52, and the lamp voltage detector 51 flows in 
response to the detecting signal. Thereby, a electric-discharge lamp La produces 
dielectric breakdown, after starting, many lamp currents Ila can be passed at the 
unstable stage of the discharge which shifts to a steady state, the shift to arc 
discharge becomes easy, and improvement in startability can be aimed at. 
[0069] If between [ tau ] top Norikazu commuter's tickets passes, control circuit 5A 
will control the switching operation of switching elements Q1 and Q2 to pass the 
current value 11 decided by the detecting signal from the lamp current detector 52 and 
the lamp voltage detector 51. 

[0070] Drawing 1 7 is the wave form chart showing actuation of the gestalt of the 12th 
operation, and while the equipment of the gestalt of this operation has a means to 
impress starting voltage intermittently in addition to the circuitry of the gestalt of the 
1st operation, control circuit 5A stops an intermittent starting voltage impression 
means immediately after starting of a electric-discharge lamp, and continues starting 
of a electric-discharge lamp. 

[0071] Now, supposing it produces dielectric breakdown and starts by the high voltage 
by the resonance voltage at the time of no-load [ which a electric-discharge lamp La 
shows to drawing 17 (d) in the process (I) of operation in the unloaded condition 
shown in drawing 17 (a) ], to a electric-discharge lamp La, energy will be supplied from 
DC-power-supply circuit 1A, and as the lamp current Ila shows drawing 1 7 (f), it will 
begin to flow to it. Control which the detecting signal shown in drawing 17 (g) will be 
outputted if the lamp current detector 51 detects the flow start of this lamp current 



Ila and detects starting of a electric-discharge lamp La, control circuit 5A which 
received this detecting signal makes switching operation of the fixed period tau 
switching elements Q1 and Q2 the same switching operation as the time of no-load as 
shown in drawing 1717 (b) and 17 (c), and suspends the intermittent control action at 
the time of no-load, and is made into continuous action is performed. And if a fixed 
period tau passes, control will shift to stationary actuation. 

[0072] Since it shifts to switching of a steady state after the shift to the arc discharge 
which is in a stable lighting condition from the unstable condition immediately after 
starting of a electric-discharge lamp La becoming easy by this and shifting to the 
process (III) of a stable lighting condition of operation, positive starting is possible. 
And since an intermittent control action is suspended and it considers as continuous 
action after a electric-discharge lamp La carries out dielectric breakdown, it is 
possible to be also able to prevent going out of the electric-discharge lamp La by 
intermittent oscillation actuation, and to aim at improvement in startability. Drawing 
17 (e) shows the value of the lamp current Ila which control circuit 5A directs. 
[0073] By the way, in the process (II) of no-load continuous action, a 
electric-discharge lamp La should go out after dielectric breakdown. As it does not 
flow as the lamp current Ila shows by "a" of drawing 18 (f), and the detecting signal of 
the lamp detector 51 shows drawing 18 (g), even if it is no longer outputted Dielectric 
breakdown breaks out again, since the high voltage by resonance voltage is impressed 
to the both ends of a electric-discharge lamp La by the continuation of continuation 
of no-load actuation as shown in drawing 1 8 (d), it is possible to start a 
electric-discharge lamp La, and positive starting can be secured by it. In addition, 
drawing 18 (a) - (g) shows the timing chart corresponding to drawing 1 7 (a) - (g). 
[0074] Drawing 19 is the wave form chart showing actuation of the gestalt of the 13th 
operation, and the equipment of the gestalt of this operation has an intermittent 
starting voltage impression means like the gestalt of the 12th operation, and 
immediately after starting, control circuit 5A stops an intermittent starting voltage 
impression means, continues starting of a electric-discharge lamp, and increases a 
lamp current. 

[0075] Now, supposing it produces dielectric breakdown and starts by the high voltage 
Via by the resonance voltage at the time of no-load [ which a electric-discharge lamp 
La shows to drawing 19 (d) in the process (I) of operation in the unloaded condition 
shown in drawing 19 (a) ], to a electric-discharge lamp La, energy will be supplied from 
DC-power-supply circuit 1A, and as the lamp current Ila shows drawing 10 (f), it will 
begin to flow to it. The lamp current detector 52 outputs the detecting signal shown in 



drawing 19 (g) when the flow start of this lamp current Ila is detected and starting of a 
electric-discharge lamp La is detected. Control circuit 5A which received this 
detecting signal the switching operation of a fixed period tau and switching elements 
Q1 and Q2 Drawing 1 9 (b), While performing control which makes the same switching 
operation as the time of no-load as shown in 19 (c), and suspends the intermittent 
control action at the time of no-load, and is made into continuous action Switching of 
switching elements Q1 and Q2 is controlled so that the current of the bigger value 11 
than the current value 12 decided with the signal from the lamp current detector 52 
and the lamp voltage detector 51 as shown in drawing 19 (e) flows the value of the 
lamp current Ita at this time. And if a fixed period tau passes, control will shift to 
stationary actuation. 

[0076] Since it shifts to switching of a steady state after the shift to the arc discharge 
which is in a stable lighting condition from the unstable condition immediately after 
starting of a electric-discharge lamp La becoming easy by this and shifting to the 
process (III) of a stable lighting condition of operation, positive starting is possible. 
And since an intermittent control action is suspended and it considers as continuous 
action after a electric-discharge lamp La carries out dielectric breakdown, it is 
possible to be also able to prevent going out of the electric-discharge lamp La by 
intermittent oscillation actuation, and to aim at improvement in startability. 
[0077] Although drawing 20 is the wave form chart showing actuation of the 
equipment of the gestalt of the 14th operation, this equipment has the almost same 
configuration as the circuit of the gestalt of the 13th operation, control circuit 5A 
stops an intermittent starting voltage impression means immediately after starting, 
starting of a electric-discharge lamp is continued and a lamp current is increased, as 
for the gestalt of the 13th operation, the actuation after starting is different as follows. 
[0078] Now, supposing it produces dielectric breakdown and starts by the high voltage 
by the resonance voltage at the time of no-load [ which a electric-discharge lamp La 
shows to drawing 20 (d) in the process (I) of operation in the unloaded condition 
shown in drawing 20 (a) ], to a electric-discharge lamp La, energy will be supplied from 
DC-power-supply circuit 1A, and as the lamp current Ila shows drawing 20 (f), it will 
begin to flow to it. If the lamp current detector 52 detects the flow start of this lamp 
current Ila and detects starting of a electric-discharge lamp La Control circuit 5A 
which outputted the detecting signal shown in drawing 20 (g), and received this 
detecting signal During a fixed period tau, While performing control which makes 
switching operation of switching elements Q1 and Q2 the same switching operation as 
the time of no-load as shown in drawing 20 (b) and 20 (c), and suspends the 



intermittent control action at the time of no-load, and is made into continuous action 
Switching of switching elements Q1 and Q2 is controlled so that the current of the 
bigger value 11 than the current value 12 decided by the detecting signal from the lamp 
current detector 52 and the lamp voltage detector 51 in the value of the lamp current 
Ila at this time as shown in drawing 20 (e) flows. And if it stands and a fixed period tau 
passes, without disappearing, control will shift to stationary actuation. 
[0079] By the way, as a electric-discharge lamp La should go out and "a" of drawing 
20 (f) shows a no-load continuous action process (II) after dielectric breakdown, the 
lamp current Ila will not flow. Since no-load actuation is continuing continuously even 
if a detecting signal is no longer outputted from the lamp current detector 52, the both 
ends of a electric-discharge lamp La are made to generate the high voltage by 
resonance voltage, as shown in drawing 20 (d), and are made to restart a 
electric-discharge lamp La immediately. With the gestalt of this operation here, again, 
from the time of a electric-discharge lamp La starting, the continuous action of 
no-load actuation of the above between fixed periods tau is repeated again, and a 
no-load continuous action process (III) is extended. 

[0080] Since it shifts to switching of a steady state after the shift to the arc discharge 
which is in a stable lighting condition from the unstable condition immediately after 
starting of a electric-discharge lamp La becoming easy by this and shifting to a stable 
lighting condition, positive starting is possible. And since an intermittent control action 
is suspended and it considers as continuous action after a electric-discharge lamp La 
carries out dielectric breakdown, it is possible to be also able to prevent going out of 
the electric-discharge lamp La by intermittent oscillation actuation, and to aim at 
improvement in startability. 

[0081] Moreover, in a starting process, since after restart shifts to a stable lighting 
condition while being able to impress the electrical potential difference for starting 
immediately, when a electric-discharge lamp La goes out, it is possible to ensure 
starting. 

[0082] In addition, as for the electric-discharge lamp lighting device of this invention, 
it is needless to say that modification can be variously added within limits which only 
what was mentioned above is not limited and do not deviate from the summary of this 
invention. 
[0083] 

[Effect of the Invention] As mentioned above, as explained, while carrying out starting 
lighting of the electric-discharge lamp suitably with the high-pressure pulse voltage 
obtained by LC resonance according to the electric-discharge lamp lighting device 



given in the claim of this invention, energy required in order to make it shift to arc 
discharge smoothly is supplied to a electric-discharge lamp, startability is raised, and 
the outstanding effectiveness of becoming possible to reduce the cost which 
moreover starts component parts, such as a coil, a capacitor, and a switching element, 
is done so. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline block diagram of the electric-discharge lamp lighting 
device concerning the gestalt of operation of the 1st of this invention. 
[Drawing 2] It is the circuit diagram of the electric-discharge lamp lighting device 
concerning the gestalt of operation of the 1st of this invention. 

[Drawing 3] It is the signal waveform diagram of each part at the time of starting in the 
electric-discharge lamp lighting device concerning the gestalt of operation of the 1st 
of this invention, and lighting. 

[Drawing 4] It is an explanatory view about the direction of a sweep of the switching 
frequency in the electric-discharge lamp lighting device concerning the gestalt of 
operation of the 1 st of this invention. 

[Drawing 5] It is an explanatory view about the direction of a sweep of the switching 
frequency in the electric-discharge lamp lighting device concerning the gestalt of 
operation of the 2nd of this invention. 

[Drawing 6] In the electric-discharge lamp lighting device concerning the gestalt of 
operation of the 3rd of this invention, it is the explanatory view of the frequency 
sweep by the control circuit to a polarity-reversals circuit. 

[Drawing 7] In the electric-discharge lamp lighting device concerning the gestalt of 
operation of the 4th of this invention, it is the explanatory view of the frequency 
sweep by the control circuit to a polarity-reversals circuit. 

[Drawing 8] It is the outline block diagram of the electric-discharge lamp lighting 

device concerning the gestalt of operation of the 5th of this invention. 

[Drawing 9] It is the outline block diagram of the electric-discharge lamp lighting 

device concerning the gestalt of operation of the 6th of this invention. 

[Drawing 10] It is the outline block diagram of the electric-discharge lamp lighting 

device concerning the gestalt of operation of the 7th of this invention. 

[Drawing 11] It is the circuit diagram of the electric-discharge lamp lighting device 

concerning the gestalt of operation of the 8th of this invention. 



[Drawing 12] It is the signal wave form of each part in the electric-discharge lamp 
lighting device concerning the gestalt of operation of the 8th of this invention. 
[Drawing 13] It is the circuit diagram of the electric-discharge lamp lighting device 
concerning the gestalt of operation of the 9th of this invention. 

[Drawing 14] It is the circuit diagram of the electric-discharge lamp lighting device 
concerning the gestalt of operation of the 10th of this invention. 

[Drawing 15] It is the signal wave form of each part of the electric-discharge lamp 

lighting device concerning the gestalt of operation of the 10th of this invention. 

[Drawing 16] It is the signal wave form of each part of the electric-discharge lamp 

lighting device concerning the gestalt of operation of the 1 1th of this invention. 

[Drawing 17] It is a timing chart for explanation of the electric-discharge lamp lighting 

device concerning the gestalt of operation of the 12th of this invention of operation. 

[Drawing 18] It is a timing chart for explanation of the electric-discharge lamp lighting 

device concerning the gestalt of operation of the 13th of this invention of operation. 

[Drawing 19] It is a timing chart for explanation of the electric-discharge lamp lighting 

device concerning the gestalt of operation of the 14th of this invention of operation. 

[Drawing 20] It is a timing chart for explanation of the gestalt **** electric-discharge 

lamp scattered LGT equipment of operation of the 1 5th of this invention of operation. 

[Description of Notations] 

1A DC power supply 

2A Load resonance circuit 

3A Polarity-reversals circuit 

4A Control circuit 

5A Control circuit 

1 1 A Pressure-up chopper circuit 

L1 Inductor 

C1 Capacitor 

La Electric-discharge lamp 
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XW&Vl>AW£.*&Sz.Z&&l>0>&X> r )* Mill. % 
\b%A<F>YvyVX*<m.b&,2. mscDhyy^X 

^wf^ffi-fti^c 5 0 %co^-yT^-7 x >r x-*y 
/7ty$-£&t. Lcmkizkhv^wmL^mfct 
&ni±'vvxm&zifcn&i<ztmz j *kz> z t t^im^ 
L*»t^4>. ^co^tii. ismiizmnzti2> 
nj±i>zDCfmff<£$:tix\^^zbfrt>. mmmk 

<F>T-7W.mzxJ±-X\ l zW j n't h tiibtz&Wj:*-*^ 
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i o o 1 3 ] ttz. n&tvvxm&znhtzsbiz^ >y 

[0014] ^HJJi. 3&»35>6*it«*. LC&JE-C 
Skk T-?^KXA-Xt;:^£ it 

«fc o %mf£M&fcfrfr%> £ffiM£it£J^T.£*T 

[00 15] 

[SMI****-* 

mi*JJ:tXJB2<0X-f •yf-y^^Sr-ir^. HMM® 
k. -fy^^. nyfytfeiVlwayfyfCi 
IlfcJ:tJ f S2<7)X>( -yf-V^^3cStC5j->-/'5j-7 
$iJffll[IJ8&k -eLT. ©JflfltmSSii^- ^«B^ 

l<7)X>f •yf->^'^J:0m2c7)X-f >yf->^S^i0^r 

-T&J: dtcSSl £J:tX|fS2<DX^ -y^v^lg-?$r^St 

tcSHtS-a-CJWI«rfc:W»ES:9«iirt-*W»&«d . 
[0016] ZtHzi K) , LCftiiT»€,*l&Sff^ 

ay^y^. x^ -y*v^*^S«0J:3&»jSaWMca» 
*>§3Xh^<SjS$-ii:^. 
[00 17] 

[ooi8]ii i cr>mm<7)mmizi%&m 

wfcmjiizsmvx-ttn&xi^iz&te^zmfaWM 

WlA}:,iiL< tt-tft-mflESreSSB 1 AcojiJ 
k ^J(Cgfg!$n^lS^g!<om 1 k IB 2 O rj y 
x^iJit/SSl kSS<7)2X-r y^-y^^^^T'it 



SHIS 2 A k, ffittR(EHIHW)*^W -y^-y^S^Sr^ 
-l»$iJffllIlIgS5AkiO^^„ 

[0 0 19] ffJttlsIB&5Att. SSKOX^f y+yym^ 
*<&S!fSlJ$fgk. mi^x-f vf-^^SS^Ji-^ffl 

»2jwiak**»fis-fr*j:dt=Pi^ -y^y^as^sx 

5tc«if^-C^->-/^7B^$-^^«rk^j; 0. x-f -y 
f-y^iWT.i-T^ ZTy^yyxizfflfflL. 

/*?mm*m&*t. mmiz^mm^immm 

ESrEPJD-r-l). 0J»lslft5AML mik^2<7) 

=&^rao^< k t— ^Ttt5^T#XW v + yr&m 

[0020] <r<o«j£-eii. x-r "s^vrmmtFMt 
•th<r>x\ -tyrffteXxf^y^yinzZhLcim 
wv-?iz%^tzft&xmxt%&mi±;vuxnEEtffi(. 

milzmu-th X o \,ztch . iiifc: J: 0 „ 2fcm*T*WSI 
t=*fi»jSW-r * J; 3 tc&S . ifc , st-MiBlJ^St 1 tf)X 
-f yf-y^*^ J; 9JfS2<ox^ ?f-:^3IFftf«5r**JK 
&&IjS l RUISfc ilXM< ^-i»m2wra^^st=^-r-s. 
i ? n i ts xvm 2 con y ^-y/m^im^m 
W$m*fex*y/*y~$-hcr>x\ wmi^mmk^ 

ms. Lc&mx^htiz>mK'vuxmBX'Wimxrziif 
mizittmt. Mrzit&ztffX'Z&ttbiz, r-9 

[oo2i]02«ii (c^-m i ^mmcnmmcotm 
R}m$iW<r>mfm%msmx't> z> . 02 £^-rifem*T 

^T^IMti. y^Wl l A^^iifiasiKj 

ffiteffloiearesiAfc. ^y^^Li. ^co^fv^ 

^^Likitt?iJfgg!$^3^x^ci, ^iuf>rc7) 

s§2Ak. itamitiA^oieswwj^saiHtftfcSE 
lt n^mmm 2 a tzm&t & mmcmmm 3 a 

k . a y^tHIK 1 1 Amcr>mW\B\8&4 At . 

RteHI883 Affio$iJ!iP@8&5 AktcJ; 0«^$ixTV'> 

[0022] £c7)t£H<0#3B^o<,vC£ ^tzp^TS 

k . msntan 1 a«. ^^as a c^^3c8£«^^k 0 

5i^fiEes*1fdfiaS[»DB, iJil/#ff^-3 v^B 

1 1 aizx K>ffif&zti. z<D&&j-3 -y^mmi 1 A 

i± . S8SI§ D B W^Sfirffliai^^ k -ffl3&««S *L4 >f 

yy^^Li lk. ^^>f>-r^^Li i<ofSi^t5j:ix 
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Sft&^^-h'D 1 1 bZffiz-X^^. tztzL, xj 
C0023] w&.%Mm®< 3 Alt. WMMW. 1 ACD&JJ 

tmmm^ixhwmm^y^ *- h d 3 , ^ixis'F 

4t5J:V : FETT"^-l.||2c7)X-f 7fy^lfQ2t< 
?i]ltM£ftl> KD 5 i: . *W H D 4 £ it* 

fc«u mi. i«2x^7fy/ifQi- Q2 

[0024] #JBE^ 3 -y^Wffl?)»P[IIS&4 Aii. #?■ 

jE^-a -yys°iiig&i i A^a^wE^ft-rsai^mffifc 
anigS4 1 , axx/^mtam^r^-fxx-f v+yy 
m^Q 1 1 &fflfrr&ti»b0)WtomK4 2 srfiiu, x-r 

ttz. mtn. mMtmmz. 3^018 

1 1 ACOffi^SBESr^-^ t^'^-eoX-f 'yf-y^S 
[0 0 2 5] «SttRKIUSg3Affl^$lJfflI|lIgS5A(±, 5 

yrmjB&asffl^v i a^fflnig&5 1 , 7yristai 
fflc7)I 1 a«Ki}®»5 2, i<i^w«iaiEi»*»^^)*as 

3. *5«fct/itfD»aje-^*«JtTS51, S2COX^f -yf- 

y/*fQi, Q2*»5iH-&8a!iiga5 4*«i. m 

1. SS2<7)X-f 7fy/SfQl. Q2fc*tLT, 

[0026] mm, JfclKTL a*«^«^JIMC**«^ 
wi a^tHtiISS5 3*^f#A>ix^7yr«^£Wr 

TM2 1. TM2 2(C^rfJ:aiC, WTM2 l<9fS. 

m2tf)X-Y >y^yjr-fg^Q2£^-7tL^*^-cmico 

X^f >y fy/lfQ 1 *»+k H z<0»«iMWFC:t>' 

?->7m :: ?Qi£*7i l zLtz&&x*m2<DX'( yi-yy 
m^Q 2 ^^c+k h z owamawFc* $ 

fflWtftftOjSLfTirfL*. £tf>*&\ WM2 1 , T 

m 2 2 e j: o mmki±m.+-'5H z commmmzm. 
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[0027] — iK^SWttJRffl^Mfi*- Kfc*t 

^Ql J: 0^2cOX-f •y^-y^*i 1 Q2^* i S< : 5r 
I.S1ISTM1 2ioJ;t/®< : ^^H2^TMl 12: 
XSK*fej£-f4«k3te. M^U 7f^«fQls Q2 

WTMl l, TM1 2^^J: , 9l£l>Ji^^!^M$^t- 
[0 0 28] 03<y) i"^— f -fX-f — 7° j ICtk 
"TidC IITM1 KTM1 20)%$miiZiH1&m 
tm&b^mMtiffflTlfrtfX. *y"rj.- c rJitZ& 

Z\<K>%, &\,YX<D*yfm. oiOTMl 1TJ4Q 
1. TMl 2-C-(iQ2c7)^y^$:H>f^Bt^T IjW 
Tlfc*£ft< LX^<b. 5yr«EEV 1 aODCj&fr 
<3--?T^<« 5:*$. l23<9{FflT'ti. 0fS 

b#^t i ji.<03j->miBR4, -e^ms^T 1 ft<7>*yM 

ffl£*)i>-g<%iX^&. 

[0029] zt>i,z. miio£VWi2nffl<o'y%<bt> 
-jjnmmiz&fthm 1 . 12^ 7fy/*fQ 
1, Q2cy)^-f y^yymm^it^x , s^tl 

atlS«JE£6PJn-r-l»$iWfi : i5ti-l»o -T'S:^^. fH» 
®g&5A{i, H3i0 fjg-iSScx-f-rj tc^-tJ;d^. 
KB^TMl 1 s TM 1 2<V&Mffll,Z&f&mffl&&frt> 
J9rj£BSaTljWC, SSI. SS2iOX-f yf-y^^Q 

k Q2c7)x-r v+yy®wmz&it w-r) 
&M«i*?f'3. >r<^i:#. -ecox-f-rKH(4> -<y^ 
^^l lfciiXnyxy^c l fci-SLCiygob''-? 

V/ffQ 1. Q2^>f7fy A -7<v 

m% nmnrnx-h ~> x i> x \ ^. 
[0030] 1 <7>mM?>fcM<7)W&t %&®m 
®m5 Ai,z£&mfti l z^ximzmffitz> . h 

3 ^fflv^T^^fflcoMW^- Htc J: SEHMttfrfc-o 
V>Tl^Hfl-tl.h. KBISTM2 \ X'\$%.2<r)X4 v+V? 
m z FQ2*7t7t,zLtz&$.X*micr>X4 -vJ-yymTQ 

1 *i«ffl«3Bfrc3ry/*7S-frs-sr. mp b itm2 2 

TliHlOX-f 7f>y'»fQ1^7(:U>:i^ 
2ox-r •yf-y^s^Q2^]Sil*«j^ v C'^-y/^-7$ 

3©K*R^)iSflliS«EV 1 a#Epjn$aT»iS««fi 

So 

[0031 ] <Xlc. 4&ttjftE«"ffl<3W»*- Ht=iSHIIS 

^ywra^i^-^ v^yym^Q 1 <t o^<^a 

»TM 1 2*3 il^S^SWPaTM 1 1 ££S££J£ 
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^St«^ft-r^cO(C^^x^;U^-*<Sc®:TL at 
[0 0 3 2] dc?)2:#. H3^-TJ:d{^ 

tm 1 1 , tmi 2<7)&mmzt5iihmitti®fmfrt>mfe 

B3HSIT 1 fcjWC , Jt5rD HA^Dl 

2 (cSWt § ikhmntffthti . -I fit J: 0 . 7 vrtff 
VI a<^DCj£##t$*(c*§ fcfc'U 
i-T-^fJtDl 2J2. HTMl 1. TMI 2(7)1-10 
tJoft^Bate^T'D 1 1 lcM3*i*. 
[00 3 3] Sfet. H3tC^-ridt. i^TMl 
1. TM 1 2<^)»J^fc:tett&BHiW*jS3&»<9»r50*iaT 
lfc;WC. HI, H2<DX>f yf-y^S^QK Q2 
ox-f ■yj-yfmwm.Zf 1 lMf 1 2^-fL$-tir?» 

OX', StmLatt^5K«tCSo-C»®K^^T-f- 

4. fcfcfU X>f y^-y^jSmf 1 2(2. aSf^T 1 

l. ti 2<r)^mw^zio^hmm^xf 1 ikks*. 
[0034] h i ^HM^®t <k*uf „ l eft 

Z t Zkkhlz^ T-ftmizXJ*- 
XlzWiTZ-thtztblZ'tfrnt %&^*)U*?-i:immz 

[0035]^, w.i<D$mcr>mmhzfo^xte. %m 
Mimnmwt- 03^-tj: 3c, hi , h 

&m^iifrb&^i3i l zA>(-7*t&ffimz%:r>x^& 

jfcTfcivv, mthlz, ix-f yf-y^Wf-Qi. Q2 
ffl^)«lflll!IR^. BI4 fcSrT J: a (c. H 1 fc<fctfH2S) 

Ql, Q2«0A-f -yf-y^JljS^SrffiV^iDit/ial^ 

JSC®:TL a C7) 7 y^ffiV 1 acy)t?— ?UEE*5 J: 
tf«JEj&fBi;g£r3c5£$-£.& d i: j6ff»nfelc$r& . 
[ 0 0 3 6 ] 4fc % JJE13ttTtt;*-r y^->-^S-?Q 
1. Q 2 2: LT FET, SCMOSFET^ilfflSW 

[ o o 3 7 ] s 5 i4*f6H*o» 2 cr>mm&m<oimtt& 
tmwiztiv&mmtm -y°<^mmmx\ -r . 



SttKlKlll»3Aj3j:lX#ig»2A, 3AC0$IJPIsIS84 
A. 5A^02cOHlc7)|IM^ffii:PI«t3li^TV%|> 
Hl^HSfe^.^i:c7)ffl^i:L-C. £<03Qfc»JB 

t*i*t&fittRiKii!»ffl<ow»iii»5B«. tmmim 

c^mffl^— HB*te*SV^T. WTM 11. TMI 2^- 
=3:<fct-^c0^(cfc(tsmi s S2m^f 7f 
Jg^Ql , Q2c7)X-f >yf->-^'jg}giSt^ffiU^C^-fb$ 
■frSfWWfcfr o WUm 1 OHM^®c7)$iJfflIlHlS§ 5 A 

nmTM ii. tm 1 2<^>4M9Ba(ctJtt*siJtt^fjS*»4> 
mss#raT i fewrt . #^-f 7fy/*fQ k q2 

<7)X-< •y^-yj/i^S^C§:Sv^f 1 2#>£>ffl^2rf 1 1 
[0 0 38] JXte. ftJflPHK&SBtJ^TX'f y^-y^ 
SfcW La ft??fftJIlHlE&2 

a i ( t-?ii f o ) ^^s«ff*eiM»affifc<o^^- 

yA2iZ^ifth. ZZX\ HI. H2CDX^f -y^-y^ 
IfQl, Q2<7)x^ >yf-y^««aft^«v^fc:SHfcS 
•fr&fc. K«iTLa3WKIsaK«tfei5i:<^SXr-rA 
2tCtitt*^lBfi|«a8C<oe-^ ( fo' ) t^X-f y 

# *x*;mF- - i: A^TtEfc:* 0. ZtilzJ: *) % 
La^l^MCT-? Jfctttc^fi 1 Still: 

[0039] 06(2*^cOH3^HM^®OSSt®:T 

liTM 11, TMI 2<7)^< i: t>— *C0»BltC*i»t 
&H1 , H2c7)^.-f 7 fy/$fQl . Q2<?)^7f 

y^jg«dR*«BRi3iSHk$-tt-c . jscwtl a <,zmw±z 
mmm&scn. i6cstj:3i;, ^w«tm 

11. TM 1 2c9#*tfcWt. X^-y^-y^^Q 
1. Q2c7)X>f y^-y^^tf h f £«RHL OTitf 

^coi:#. fm-^ •yf-y^"ja^i!cc?)x^-7°KH 
ti. Mffi&M\B\8$2A<7)j y???Ll t$£X/a>7> 

[0040] ^ri5. HI . H2<7)X^ yf-y^S^-Q 

mtmmizLxxj v+yymwL&cDxj-Tbkhitz 

H-7°Ztlhffif8LX'i>£<. £>&^(2X^ y^-y^ 

[0041] mz. *m3<7)mfo<7>Bm<7mmk%&$i 

»0B5C(cJ:4lfrfrfc:ov^T««SrlttlW-*. 4"f. 
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ht. M^iiTM 2 1 com. m2<7)xj v+y? 

2 OX A -y f-y^'^F-Q 2 £ i«il&l!)#-C^ y/* 7 § 
«7)«S*EV 1 a#MP£ftT£^KO»$ 
[ 0 0 4 2 ] <M= , J^SffffltftfJIW*- Hz <fc ft 0S& 
<7«-y»^3M coxa 7fy/ifQ l <fc OJK&ft 

I^TM 1 2 Sr-SfflBTTM 1 1 £:XSfc£l£ 

JS^fFC*y/:*73#*ffl»^b*U ifttJ: 

[0 0 4 3] 4fc, <I<7)i;#. 06fc^-rJ:?^ Jfflffl 
TM1 1 , TM1 2C0&mmz&\iX , *1. SS2CDX 

>f yi-y^m^FQ i . Q2«^ -/f-y^jaaas* f 1 

l*»<b f 1 2K1tifc[lM§itft$W#^T:bi'U 
iOs »/f-y^JiISR<9.*4— 745te, ftffi^® 
g§2 a cm y*'? * l i *j «t t^a yfyyc 1 £J: ft l 
C ftjg # t:— ? izft-ot: m^XWz k 3: ft ftJE' 
Kifi^ yy°MSN 1 a^MftSftftW. Jfcm*TLa(i 

fc. x^ >y^y^&SSc£x^-r;*itft^k^J:9. 
tWWSfcWSf vc i>flc*c k & ft i« ffi' W*1KEE £ Hfc 
a CEpJirr ft £ k ^fgfc^ft . 
[0044] J2Lk, S53<OHJftcOJBJBtc i*Uf, H 1 <*> 

mmcommt mncornktm^-z - k a^nwear* »a 
*\ m i commcommx o tnt*t*TLa 

[0045] H7 i±*mncom4cDmw.c 7 )mmt,z&tf& 

&U-70ffi&Cb&. z\co®£. WcMttMJgiS. 
ti. KaffiBHIft* fcSfftJSGIKk ttttRKISHk 

zm3CDmmcommtmmzffiz.x^&m\ m3<vm 
mcommtcomm^t lx. mmofc®mm<v®m®m 
5Dt4. v i a^ttiniss. i i amta^tixx/mmm 

17t;StJ;a«i^I^TM 11, TM12 
<0#JffllBfci3«-SSIl . &2C0XA 7f^/*fQ 1 , 
Q2c75X^f •;j-y7fflWm.<DX'(--Tmz, £*)'b%^ 
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m<nmm.<7>umm®t set rawtsMFf &imw®» 5 d 

[0046] ^ Z.X\ ±McoX o IZTi.-r- 4 &93£t 

sii^iwui jmttLaixsmm&mix'hz 

<r>X\ imft L a fc* -TEWE* EPflP L T £ Pftci 
§ <TCT- ? Jft«3Wei -5 
Sr^LTScSSr^^ttflS^^T^-frft- ktfffli t 

[0047] tz\*>X\ x4 v^y?mm.<r>x4-? 

£0. 5 C^tt ft ^S^'S) ft A* , ClcOi d tfi T" 
^?r0. 5tjS^ttft(ii:\ ***TLatcEPiPi-ft«E 
lc-ir4tLftDC^{±i£t^-rfto ZWXolZ, DC 

Sffir««tefWT § * ft tf>te+#5^J *^**T L a tctt 

[0048] x-f >y +yrmW8SLV>x4 —7W 

Bl+tctt. 0. 5lCj£<^rftJ:d^7 i A-x^Sr^$< 
LT^«*T L a ti— JIAV ^JE^^Xflffi^EPtP-r ft <t 
3tL, ^c7)X-f-7°W^K14. fa-f >f 2: 0 . 5 
J: 0 < LXWMft^ a tclWtS3&ar«W^Wf 
$-frftcot-h»=5:*««*S:Jfe«*TL a tft^ft i o 
fc^-ft. 

[0049] KLh, »4^0ftOJBSRfc:J:<xttr. ^ 1 « 
[00 50] 08. 9. 10KWW»I5. 

6. 7 comMcomm^-t \ ms corns commco^mco 

aWEfcS3fct*#E»8 1 (AC/DC») k. 

wm^comim&. mmiWBzmmt ft^ffsss 2 

(DC/DC») k. Bffi»8 2(?5lS8KaS^*fiffl 
»<0J©Kftfc3a« LTftlWTfc:#i. ft k k t> fc, Sfc«*T 

<nmh^zDCf&ft£is^fzmfflmcomn&£%£i-t& 

=5rft. 

[0051 ] 09c7)^6cOllS6c 7 )^«Oga{i. 3c$m 

mac £ mmz$m? h 1 1 1> c „ »c«*t^ 

fc:w»-rsiKjiww»9 1 (ac/dc^) k. m 
:*i$ij«gB9 i«oiea[ai**fiffl*<^®KftKS!a«tTiS[ 

«tTfc:#i. ft k k t . JWttTcottlWffciD c^Sr-ir 
/WfiBWI*01WE*«4.i"6-f y^'-^ ■ *6S6I9»9 
2 (DC/AC») k^^^ft. 

[ 0 0 5 2 ] 111 ocom7commcommcommi. xssc 

l 0 l (AC/DCSBJHS) k. #EI35oaj^«ffi*flc 
mT^^m^JkLT^-fLL. K«fl"0^*T«JE. « 
SiESrjSIE^Jffll-rftkk^^. #Egi5HJ7JSrS«*T{c-5- 
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t h fcftmmmxvsm l . mmcowmmiz dc& 
-9 ■ vmsmwk \ 02 (dc/ac^) tfr$>% 
[0053] ^msTiSMi <r>mmv>&mz&^T-£M 

WMACt&]±&8 1. 10 111 DCliStl^ii. 

xi>x<^ tfz. ^smm/m-nmm^ 9 1 ti^mag 

8 3.9 2RlSMjjfflffl ■ <i yj*-f ■ ikmiBlffi 102 
{i-efx^tt^=5r< t i>—ttcr>J y79 9 b^y'fyrcD 

too54]ia^5 B^a? 7 cvmmnmmn&mm 

>7yvcDtfz>^izji~>x*kMm®.m^tLx i> , 

mm <7>m&ft.zmiz>±* z&mmfiinf&mmwim 
zti. &ffifmmizfrfr&* h \sxz&ffit& z t a^t 

mm -4 y;<-9 ■ 10 2(1 ^tft^(c{i±|B 

iz-ThztizX*). 3 y^yy-mmziS.'rj.-T- < itiz 

mttzDc i&sHmsE. l . i&mmmz izd c 

[00561H Ltz&mmcoBmxiz. mmtM\s}& 
t-i y^-?®$&<7)x-<( 7fy^Sf^A-77''j vis 
ffifcX^LXhhtiK *WMz&\,yx4 y^-9~ky)V 
70 •y : Jffij&t?&Zti>-*jmX'$>&. 

[oo57]0ii iz^-tmsnmmcommx'i&x -< -y 
^yymi-$:7)V7v -y^m^t LtzJ y^-9®$&z 

■&&mitRmie\8& 1 1 3A#ffi>,^;fu 0S&1 1 3Ali 

itosminiass 1 1 lAcotu^sc^^^ifMosFE 

T*^^r^^l. m2<7)Xj y^yym^FQl. Q2<T> 
Wmmffit. SS3. m4cr>Aj 7fy/tfQ3. Q4 
^Itt?IJ(llSSt^gfi!L. Sgl . SfS2<7)X-f 
Ql. Q2WtijSi:g3 < m4C0Xj 7fy^IfQ 
3. Q4OSit^i:^rafcn>x>'-9-C0i:^y^^^ 
LOOit^JlHlS&Sr^L. ay^y^-cOizM.mzmm 
m®MttL a LT=5r K) . «H±RfelHl»ffl^)SiJ»lHl 



8&1 1 5A(i^>-7°B^ailHiaSl 14. ^y7°mE^ 

ajiassi i 3. ©jflsiHissi 1 5. ngsmi 1 bzmt 

[0058] MLTJfem*TL aCDMnffimiZfo^XtZ. 
x >f 7fy^lfQl-Q4li. ftJPBS&l 1 5^ft# 

012 omBQ 1 ~q 4 t-^-r 1 o ic, immmm&x 

^mz^y/^y^ixh. zcotZ. *y/*7com%i 
fi. 01 2fc^K*BEV 1 a#i*£U - oymMSN 

[0059] #tc;fefcm*TL a^iftL^Stt®^^ 
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•y^-yfLx^^fflmizimAcox-i 7fy/IfQ4 
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^y7\,x^hmmz\tw.2<n^A v+yym=FQ2W 
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zwkLxmmmt^&mm*'fiotb tt. -icob# 

cO^y^^BSI 1 ac7)ffi$r02O (e) tC^-TJ;3^7 

^r«ssaftajni»5 2t7 5 1 &t><r> 

mm^x-^ hmtiam i2J:h^mii comes 

r*wmh. * Lx±-hWz.-riz—jmm * tm$f& 

t. Mrnmmz&mwwfr^-&. 

[0079] tz\^x-mmmmk. mnnmwmiti&n 
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